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TO ALL WHOM IT MAY CONCERN: 

Be It known that we, PETER WEHRLI, a citizen of Switzerland, 
residing at Via Vorame 12, CH-6612 Ascona, Switzerland, and ORIO 
SARGENTI, a citizen of Switzerland, residing at Cadepezzo, CH-6572 Quartino, 
Switzerland, have invented a new and useful METHOD AND DEVICE FOR 
DISTRUBANCE SENSING, ESPECIALLY COLLISION SENSING, IN THE DRIVE 
SYSTEM OF A NUMERICALLY CONTROLLED MACHINE TOOL, of which the 
following is a specification. 
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METHOD AND DEVICE FOR DISTURBANCE SENSING, 



ESPECIALLY COLLISION SENSING, 



IN THE DRIVE SYSTEM OF A NUMERICALLY 



CONTROLLED MACHINE TOOL 



FIELD OF THE INVENTION 



The present method and device concerns disturbance sensing, and, more 



particularly recognition and evaluation of disturbances in a drive system of a 
numerically controlled machine tool. 



iKis particularly important in industrial use of machine tools that they run as 
free of disuirbance as possible with low monitoring and maintenance demands. Any 
defects in tne machine and/or disturbances during machining lead to undesired 
downtimes and G;yen to demanding and cost-intensive repairs connected with economic 
loss from shutdov^h of the machine tool. A disturbance of a special type in this context 
is undesireable collision between the moving machine parts of the machine tool, for 
example, the tool or work table and the work piece being machined, as well as machine 
parts situated in their surroundings, like clamping devices to att^ptrtlie work piece to 
the work table, parts of the work table itself or of the machiiT^rame, devices to supply 
current to the work zone, rii^ng agents, devices for smoke and dust removal, 
protruding parts of the work pieceSbeing machined or work pieces already machined 
on a pallet, especially reject pieces. The mentioned clamping devices are particularly 
critical and restrictive for motion freeaom of the tool. Depending on the size and 
number of work pieces clamped in the workVone, differently shaped clamping devices 
in different numbers are arranged in the work V)ne and all are not fully examinable by 
the operating personnel, for which reason collisions can occur from incorrect operation 
in manual operation or incorrect programming in automatic operation. 



BACKGROUND OF THE INVENTION 
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Various methods to protect against such interferences, especially collision 
protection methods, are known from the prior art. However, they do not offer a 
satisfactory solution in terms of practical suitability, cost/benefit ratio and long-term 
behavior. 

Preventive methods wherein the machine tool is equipped with collision 
detectors, which are connected to the machine control, to recognize any hazardous 
situation, and, when necessary, stop the advance movement of the tool electrode are 
among known collision protection methods. An example of such a method is described 
in U.S. Patent No. 5,118,914, wherein a pressure sensor arranged on the tool head of 
the machine in the event of a collision initiates interruption of relative movement 
between the machine head and the obstacle when a stipulated threshold pressure is 
surpassed. Comparable collision recognition by means of a capacitive sensor arranged 
on the work head is known from Japanese Publication JP 6-4206. Scanning systems 
in the work space of a machine tool also belong in the category of preventive collision 
protection systems, as well as image-processing systems, and are based on the principle 
of radiation reflection. These preventive methods, however, have the drawback that 
they are relatively expensive because of the required additional sensors and are 
unsuitable with reference to long-term behavior because of soiling or wear of the 
sensors. 

On the other hand, reactive disturbance protection methods are also known. 
In these methods a disturbance (e.g. , a collision situation) occurs first and interruption 
of advance movement is then immediately initiated via the machine control. In a 
known method of this category in the field of electric discharge machining (EDM), the 
drive current fed to the machining electrode is monitored during machining and on 
occurrence of a sharp rise in drive current, which indicates a collision, interruption of 
axial movements is initiated. 



Another collision protection method is taught in German reference DE 196 00 
538 Al in conjunction with EDM in which the machine operator establishes forbidden 
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and permitted zones in the control before machining so that the control only permits 
advance movements into the permitted zones in which it is assumed that no collisions 
occur. This method is relatively cost-effective, but requires from the machine operator 
a high degree of readiness and attention in order to correctly program the permitted 
zones. However, in complex machining, especially of several work pieces, this is not 
always possible with absolute correctness. 

The combination of direct and indirect position measurement systems is known 
from German reference DE 34 26 863 Al in conjunction with position regulation of a 
positioning drive of a numerically controlled machine tool. A first direct length 
measurement system is then arranged on the machine part being moved by a drive 
motor and an indirect position measurement system mechanically coupled to the drive 
motor is additionally provided. The measured values of the two position measurement 
systems are used for different improvements in the context of position regulation, such 
as accurate stop by backup of the indirect measurement with higher resolution and an 
increase in control accuracy in the context of interpolation, for example. However, 
there is no mention of applications in the direction of disturbance sensing. 



OVERVIEW OF THE DISCLOSED DEVICE 

The teachings of the disclosed device and method concern, in part, simple and 
effective protection against disturbances, especially collisions, in the drive system of 
a machine tool or similar device. 

A method is disclosed for disturbance sensing in the drive system of a 
numerically controlled machine tool in which at least one drive motor for positioning 
of a machine part being moved, which moves, for example, a work piece and/or a tool 
of the machine tool (e.g., an advance slide or an X/Y cross slide), is coupled via one 
or more transmission elements in which: (a) the position of the moved machine part 
is measured directly in the machine part and additionally indirectly on at least one 
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aclditional location of the transmission chain; (b) the direct and indirect position 
measured values are compared; and (c) the measured value comparison value is used 
to sense a disturbance with consideration of the current operating conditions such as 
the machining speed and acceleration/delay, any moving masses, and machine-specific 
5 process forces with fulfillment of a prescribed criterion, \pirect position measurement 

here means measurement on or in the immediate vicinity of the moving machine parL^ 
A corresponding device for disturbance sensing in the drive system comprises a direct 
measurement system, which is connected to the machine part being moved by the drive 
motor, to measure the actual position of the machine part being moved, ^ indirect 
10 measurement system for indirect determination of the position of the moving machine 

part at at least one additional site of the transmission chain^and a control unit to 
compare the determined position measured values and to establish a disturbance when 
the measured value comparison value meets a prescribed criterion. 

15 Preferably, only two or more measurements of the position of the moving 

machine part at different sites of the transmission chain between the drive motor and 
machine part are therefore carried out for disturbance sensing. The resulting measured 
value comparison value is a highly sensitive indicator of whether a disturbance has 
occurred in the drive motor itself or in the transmission and advance mechanism lying 

20 in between and/or on the moving machine part itself or a disturbance that was induced 

from the outside in the drive system. Disturbances in the drive system can be caused 
by a mechanical defect (e.g., a defect in the advance mechanism), electronic problems 
(e.g., problems in the drive motor) or by wear phenomena in the transmission chain, 
such as play induced by friction, heating or deformation. A disturbance induced from 

25 the outside in the drive system is often caused by a collision of the moving machine 

part with an obstacle in the work space of the machine tool. 



All these disturbance phenomena result in a displacement or deviation of the 
actual (absolute) position of the moving machine part, which is determined in the 
30 preferred method and device directly or in the immediate vicinity of the machine part 

that the work piece or tool moves, relative to the machine part position recorded 
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indirectly at one or more sites of the transmission chain and derived with knowledge 
of the transmission behavior. If the deviation between the directly and indirectly 
determined position meets a prescribed criterion depending on the situation, the drive 
or axis control of the machine tool establishes a specific disorder and immediately 
initiates the appropriate countermeasures (e.g., interrupts axial movement in the case 
of a collision). 

As mentioned above, the position of the moving machine part can also be 
indirectly determined at several sites of the transmission chain so that a dynamic 
disturbance along the transmission chain of the drive system of the machine tool can 
also be recognized as a disturbance criterion even before occurrence of the actual 
disturbance. 

In another example, indirect measurement of the position of the machine part 
being moved is conducted directly on the drive motor. For this purpose, a rotation 
angle sensor connected to the rotor shaft of the drive motor is used, such as an optical, 
inductive or capacitive rotation angle sensor or a resolver, for example. The second 
direct measurement system to record the absolute machine part position is a linear 
measurement system connected to the moving machine part, such as a tool head or X/Y 
cross table, for example, with particular preference for an optical length measurement 
system, a phase grating length measurement system or an inductive or capacitive linear 
measurement system of high measurement accuracy. The advantages of these two 
measurement systems are therefore exploited in the disturbance sensing of the disclosed 
method, namely the excellent dynamics of the indirect rotatory measurement system on 
the drive motor, on the one hand, and the high position accuracy of an optical length 
measurement system, for example, for direct position measurement of the moving 
machine part, on the other hand. A further advantage is that a large portion of the 
servomotors now in use as drive motors have an integrated rotation angle sensor, which 
is ordinarily used for position control in the drive system of machine tools. If both 
measurement systems are used to improve position control, as disclosed, for example, 
in German Document DE 34 26 863 Al, in addition to effective disturbance 
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determination, excellent machining precision is achieved. This applies primarily to 
machine tools, especially EDM machines, having high accuracy requirements that need 
protection from disturbances. 



5 The sensitivity for sensing any disturbances in the drive system is also naturally 

greatest when the position of the machine part is measured at the beginning of the 
transmission chain, (i.e., directly on the drive motor) and likewise at the end of the 
transmission chain (i.e., on the machine part itself). Any disturbance within the 
transmission chain or acting on the transmission chain from the outside then causes a 
10 displacement in the actual machine part position relative to the position recorded, for 

example, with the rotation angle sensor of a servomotor. 

In the previous example, the direct measurement system is used to monitor a 
translatory movement of a machine part. However, the direct measurement system can 
15 I likewise be used to monitor the rotational axes of a machine tool. In this case, direct 
measurement preferably also occurs with a rotation angle sensor, such as an optical, 
rU I inductive or capacitive rotation angle sensor connected to a rotational axis, for 
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example. 



20 The difference value of the direct and indirect position measured values is 

preferably used as a criterion for recognition of a disturbance. The difference value 
represents a quantity that is easy to determine in terms of apparatus and at the same 
time is reliable and sensitive with respect to undesired disturbances in the drive system. 
Relative to the current monitoring mentioned in the introduction in conjunction with 

25 a known collision protection method, the position difference value is much more 

sensitive to a disturbance in the drive system. Owing to the excellent dynamics, for 
example, of rotation sensor measurement systems, the control can react immediately 
and initiate appropriate countermeasures on occurrence of a measured value difference 
or a change in measured value difference. 



30 



The determined position difference value from direct and indirect measurement 
is preferably compared with one or more prescribed threshold values, which are 
determined with consideration of the actual operating conditions, especially inertia) 
forces during acceleration/delay of the moving part, process forces of work piece 
machining and/or friction forces in the drive system, and the appropriate measures are 
automatically initiated on reaching or surpassing the threshold value, such as 
interruption or reversal of the advance movement, if necessary, and reduction of the 
process parameters, such as current, voltage and rinsing pressure. In the case of an 
advance reversal, the drive system can also preferably be briefly loaded sharply in 
order to reach a collision-free state as quickly as possible. A qualitative evaluation of 
a collision is also prescribed in the illustrated method and device, the degree of a 
possible collision damage being quantified with consideration of the collision direction, 
the collision speed and/or the so-called collision depth. The values for the collision 
direction and collision speed can be taken directly from the drive control; and the 
collision depth, namely the path of the moving machine part from the beginning of the 
collision to stopping or the reversal point is directly determined with the direct 
measurement system. 

The threshold values for determining a disturbance can be statistically 
established for each specific machine type and entered in the drive control of the 
machine. However, threshold values are preferably determined by a calibration 
procedure in which standard disturbance situations are run and simulated on a specific 
machine tool and the corresponding deviation between the direct and indirect position 
measured value is established. This calibration process then considers errors induced 
in the drive system by manufacturing tolerances and friction effects, in addition to the 
purely dynamic disturbance effects. With particular advantage, the control of the 
machine tool provides for repetition of such a calibration procedure at time intervals. 

In another example, collision sensing is carried out with reference to the 
difference value of the direct and indirect position measured values, considering the 
actual operating conditions. In the event of a collision between the moving machine 
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part and an obstacle in the work space of the machine tool, (such as for example, a 
clamping device or a protruding section of the work piece being machined), the 
absolute measured value of the moving machine part determined by the direct 
measurement system "lags behind" the measured value determined indirectly on the 
drive motor. An abrupt increase in a difference value between the directly determined 
and indirectly determined position measured values indicates a collision situation. This 
is recorded with a highly dynamic indirect measurement system on the rotor shaft of 
the drive motor or on a rotating shaft in the transmission chain after the drive motor 
without delay and a corresponding signal sent to the drive control of the advance 
movement. In reaction to this, the advance movement of the moving machine part is 
immediately interrupted and, if necessary , returned in the opposite direction on the path 
covered before the collision, in order to avoid any additional collisions during the 
return movement. The drive control of the machine tool therefore can react 
particularly quickly in collisions, namely stop the relative movement between the 
obstacle and the moving machine part. If a collision does occur, a collision is at least 
indicated; this method therefore belongs in principle to the category of the reactive 
methods mentioned in the introduction. Owing to the elasticity of the drive train 
between the drive motor and the moving machine part, no damage to the machine part 
or no noticeable consequences occur, or at least only slight ones. During interruption 
of the advance movement in the event of collision, the elastic deformation of the drive 
train takes up the collision energy in the fashion of a "crumple zone". By 
corresponding control of the drive motor, a situation can be achieved in which this 
absorbed energy is smoothly released at the other end of the drive train. Because of 
its reactive nature, the disclosed collision protection method is particularly suitable for 
machine tools with low advance speeds. EDM machines can be mentioned as 
examples, in which the maximum machining speeds are generally in the range of 10 
mm/min. 



Positioning speeds of a few meters per minute, however, can also be used in 
EDM or similar machines. It is therefore advantageous in such high-speed machine 
tools to combine the disclosed collision protection method with a preventive collision 
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protection method of the type mentioned in the introduction. The machining process 
is then primarily monitored by means of an active collision protection system for any 
collision and disengagement or reversal of the advance movement carried out on 
occurrence of a collision risk. Only if the primary method fails, is the collision 
protection of the illustrated system activated as a secondary method. 

In yet another example, the machine tool has an inductive or optical proximity 
sensor, that serves as primary collision protection system. If this fails or does not 
function for other reasons (e.g., "dead angle"), and a collision occurs, the 
aforementioned collision protection recognition is activated as a secondary method. In 
an alternative example, the active protection system is an image processing system, 
which recognizes size and position of elements situated in the work space of the 
machine tool (e.g., work pieces, clamping devices, etc.), and restricts the travel of the 
axial controls, accordingly. If this primary system fails, a secondary collision 
protection such as one of the examples disclosed herein is then activated. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Other advantages and features of the illustrated system are apparent from the 
following description in conjunction with the accompaning schematic drawings. 

Figure I shows a sdaematic view of the X/Y/Z axial drive system of a cavity 
sinking machine with the me^urement system constructed in accordance with the 
teachings of the invention. \ 

Figure 2 shows a detail view of a practical example for one of the X, Y or Z 
drive systems in Figure 1. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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The present disclosed method and the corresponding device for disturbance 
recognition are described below in conjunction with a drive or axial drive system of a 
cavity sinking machine. However, this is not to be understood as restrictive, since the 
disclosed system has broad application for all types of machine tools, like milling, 
drilling and cutting machines, for example, in which comparable disturbances can 
occur in or on the axial drive system of the machine. 

The primary components of an X/Y/Z drive system of a cavity-sinking machine 
are shown in the block diagram of Figure 1 . Other conventional components of the 
cavity-sinking machine, such as a machine frame, a rinsing system, and a tool table are 
not shown since they are not necessary for understanding the present system and are 
also of known design. A drive system is provided for each of the three main axes in 
the X, Y and Z direction. For the Z axis to control the advance movement of a cavity- 
sinking electrode 10 in the Z direction, the drive system consists of a servomotor 12 
(e.g., an induction motor), that is coupled on the output side to an advance mechanism 
16 including of several transmission elements to convert the rotational movement of 
servomotor 12 into a linear movement via a V belt or toothed belt 14. An example of 
such an advance and transmission mechanism 16 is further explained later in 
conjunction with Figure 2. The cavity-sinking electrode 10 is mounted on the front 
free end of the advance mechanism 16 and subjects a work piece 20 clamped onto a 
work table (not shown) to cavity sinking. The drive systems for the X and Y axes are 
designed similarly. A servomotor 22 and 24 is also provided for each axis, each of 
which is coupled to an X-advance mechanism 26 or a Y-advance mechanism 27 via V 
or toothed belts 23 and 25. The X and Y advance mechanisms 26, 27 are only shown 
schematically in Figure 1. In practice they are preferably coupled to each other in 
series and generally comprise a Cartesian X/Y cross-table with cross-coupled X and 
Y movement slides. The work piece 20 is moved in the X/Y plane relative to the 
cavity-sinking electrode 10 via this X/Y cross table. 

Each of the X/Y/Z drive sy^ems has its own axial control unit, namely an axial 
control unit 28 for the X drive, an aecial control unit 29 for the Y drive and an axial 
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control unit 30 for the Z driv't;, which control the advance movement of the cavity- 
sinking electrode 10 that determines the sinking contour and optionally a relative 
movement in the X/Y plane betv^een the cavity-sinking electrode 10 and the work piece 
20, necessary for cavity-sinking machining of work piece 20. For this purpose, the X, 
5 Y and Z axial control units 28, 29 and 30 issue the corresponding position signals to 

the servomotors 12, 22, 24. ThA position data for generation of the X, Y and Z 
adjustment signals are obtained frqm the axial control units 28, 29 30 of a central 
computerized numerical control (CNC) unit 60 of the cavity-sinking machine. The 
programmed path and contour data or the data obtained from a superordinate computer 
1 0 are preferably subjected in the CNC control unit 60 to fine interpolation and optionally 

a path correction procedure and then isS^ued in the form of position signals Xp^^, Yp^^^ 
and Zpos to the corresponding X, Y and Z^xial control units 28, 29 and 30. The CNC 
control unit 60 of the cavity-sinking macfaine is also connected to a generator and 
process control unit 61, which controls tme actual machining conditions such as 
15 machining current, machining voltage, pulse pause times and rinsing. From these 

quantities the CNC control unit 60 produces tfte actual path speed and advance speed 
data, which are sent as speed signals V^, Vy anoyV^ to the corresponding axial control 
units 28, 29 and 30 for position and speed contrm. 

20 By measuring a position established by a drive system at different, but at least 

two, locations of a mechanical transmission chain of the drive system, disturbances are 
recorded and appropriate countermeasures initiated. As is apparent from Figure 1 , two 
measurement systems are provided for the Z drive system to determine the Z position 
of the cavity-sinking electrode 10 or better the position of a slide of the Z advance 

25 mechanism 16 (cf. Figure 2) carrying this cavity-sinking electrode 10. For a positiorT 

measurement, a linear measurement system 70 isjrranged parallel to the advance 
mechanism 16 (i.e., parallel to the path of the slide being moved), which ^^i^^^i 
measures the absolute position of the Z advance mechanism 16 and transmits a position 
measurement signal Zp^st to the Z axial control unit 30. A preferred variant of the 

30 linear measurement system 70 is shown in detail in Figure 2. In addition, an indirect 

rotation measurement system 80 is coupled to the rotor shaft of servomotor 12, which 
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can be an inductive resolver, an incremental encoder or any other type of dynamic and 
high-resolution rotation angle sensor. The Z position of the slide of the Z advance 
mechanism 16 is determined by such a rotation angle sensor 80 and therefore the Z 
position of the cavity-sinking electrode 10 is determined indirectly, wherein the 
corresponding rotor position of servomotor 12 is measured and, with consideration of 
the transmission behavior of toothed belt 14 and the transmission and advance 
mechanism 16 (e.g., the slope of a spindle drive), closed to the corresponding Z 
position of the Z advance mechanism 16. The Z axial control unit 30 also obtains a Z 
position measurement signal Zpos2 from the rotation angle sensor 80. 



The measurement resolution of the indirect measurement system 80 is 
preferably several factors greater than that of the direct linear measurement system 70 
so that the indirect measurement system 80 is best suited for position control of the Z 
advance movement. However, cases are also conceivable in which position control is 

1 5 conducted only with the direct linear measurement system 70 or to improve the control 

accuracy by a combination of measurement systems 70 and 80, as proposed, for 
example, in German reference DE 34 26 863 A 1 , During a position control with linear 
measurement systems 70, the control loop includes the entire transmission chain so that 
any transmission error of the mechanism is recognized by the length measurement 

20 system 70 and adjusted by the control electronics. For position and speed control of 

the Z advance, the Z axial control unit 30 has a Proportional, Integral, Derivative 
(PID) position and speed controller 3 1 in which the position measurement signals T^^^^2 
and corresponding speed signals v^ are fed back for dynamic control from the rotation 
angle sensor 80 and the position measurement signal Zp^g, from the linear measurement 

25 system 70 for improvement of the control accuracy. A PID current controller 32 and 

an amplifier 33 to transmit the control signals to the servomotor 12 are connected after 
the PID controller 3 1 . Status control also occurs via a current feedback loop in the PID 
current controller 32. 



30 



The X and Y axial control units 28, 29 are designed similarly to the Z axial 
control unit 30. The servomotors 22 and 24 likewise have rotation angle sensors 81, 
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82 for indirect measurement of the position of the machine part being moved (i.e., the 
X table or the Y table). This position measurement is used for dynamic position 
control. An additional direct position measurement, however, is not prescribed in the 
X and Y drive system. 

The illustrated practical example uses the combination of direct and indirect 
measurement of the adjusted Z position by the linear measurement system 70 (at the 
end of the transmission chain) and rotation angle sensor 80 (at the beginning of the 
transmission chain) to record possible disturbances in the Z drive system of the cavity- 
sinking machine. 



Any disturbances within the transmission chain from the servomotor 12 to the 
slide of the advance mechanism 16 or disturbances induced from the outside on the Z 
advance cause a displacement of the absolute position Z i of the Z advance mechanism 




(i.e., the direct measured value Zp^^i generally "lags behind" the indirect measured 
value Zp(js2)- A difference between the position measured value Zpos2 - ^pQs\ — A is used 
as criterion for the occurrence of an error function or a disturbance in the Z drive 
system. For example, mechanical defects or play, loosening or elasticities can occur 
over time from wear or material fatigue in the transmission and advance mechanism 16 
or electrical defects in the servomotor 12. However, improper operation of the Z drive 
system is often also caused by a collision between the cavity-sinking electrode 10 and 
the work piece 20 or another obstacle in the work space of the cavity-sinking machine. 
On occurrence of a collision, the position difference value A increases rapidly at the 
moment of collision. This difference value is continuously determined by a computer 
unit 35 provided in the Z axial control unit 30 and compared with threshold values A^^res 
entered in the computer unit 35. If the determined difference value A reaches or 
surpasses a prescribed threshold value or the determined difference value rise surpasses 
a prescribed threshold value increase, the Z axial control unit 30 generates an 
interruption signal for servomotor 12 so that the Z advance movement is immediately 
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stopped and in specific cases moved back on the motion path before the coHision to a 
coUision-free state based on an additional control signal from the computer unit 35. 

The position difference value A provides a very reliable and sensitive quantity 
for the occurrence of a collision. Owing to the high measurement accuracy and the 
good dynamics of the indirect measurement system 80 on servomotor 12, the Z axial 
control 30, upon sensing a collision, can react without delay and interrupt the advance 
movement. Only elastic deformations of the drive train generally occur in a collision, 
but no serious consequences on the machine or work piece, so that the cavity-sinking 
machine can be operated again immediately without shutdown. The threshold values 
for the position difference values A entered in the computer unit 35 can be determined, 
for example, from statistics or individually for a specific machine by running standard 
collision situations. In the last-named calibration procedure, in addition to the purely 
dynamic disturbance effects, manufacturing tolerances and friction effects are also 
considered in the Z transmission and advance mechanism. To run such calibration 
cycles, which can be repeated at time intervals, the computer unit 35 of Z axial control 
unit 30 has appropriate control modules. 

In establishing the threshold value or threshold value trend for the difference 
A, the actual machining conditions are also considered, especially the instantaneous 
speed, acceleration and optionally the inertial mass of the moving machine part (i.e., 
that of the slide of the Z advance mechanism 16 as well as the cavity-sinking electrode 
10), which cause an inertial force during acceleration that produced deformation of the 
Z advance train. This also leads to a slight difference between the position measured 
value Zp,,^| and Zpoj.2, without, however, indicating a disturbance by the computer unit 
35 and initiating any special measures in the drive system. 

According to another example, the aforementioned collision protection method 
is combined with a preventive collision protection method. For this purpose, on the 
front end of the Z advance mechanism 16, an inductive or capacitive proximity sensor 
71 schematically depicted in Figure 1 is provided, which is connected to the Z axial 
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control unit 30 and during machining monitors the work space continuously for any 
collision with obstacles in the work space and causes rapid disengagement of the Z 
advance movement on surpassing a stipulated minimum distance. In a preferred 
method, this active collision protection is used as primary protection (i.e., the collision 
sensing based on the aforementioned difference determination is only activated when 
the active collision protection fails or does not function for any other reason such as 
dead angle, for example). 

Figure 2 shows a detailed view of a drive system, as was described in Figure 
1 for the Z advance movement. Components that correspond to each other therefore 
carry the same reference numbers. According to Figure 2, a servomotor 12 drives the 
machine part being moved via an advance spindle 17, namely a slide 18. The slide 18 
is movable on a guide rail 19 on a section of the machine frame at rest relative to it in 
the direction of the marked double arrow, for example, the Z main axial direction. To 
convert the rotational movement of servomotor 12 to a linear movement of slide 18, 
the servomotor 12 is coupled to the advance spindle 17 on the output side via a toothed 
belt 14. The advance spindle 17 is firmly mounted on one side in a ball screw 21 with 
prestressed oblique ball bearings. 



A rotation angle sensor 80 is provided directly on the servomotor 12 for indirect 



addition, a linear measurement system 70 is arranged parallel to the advance spindle 
17 (i.e., parallel to the travel path of slide 18). This includes an elongated scale(5X^> 
which is provided with scale lines or a marking pattern comprising diffraction gratings 
and a scanner 72, for example, in the form of a vertical resonator laser, which is 
mechanically connected to slide 18. When each scale line is traversed, a position signal 
Zposi is sent by the length measurement system 70 to the axial control unit of the cavity- 
sinking machine. The indirect measurement of the corresponding position T^^^^j occurs 
with the rotation angle sensor 80 on servomotor 12. The position measured values Zp^^^., 
and Zpo32 are used for disturbance sensing in the drive system, especially for collision 
determination, as described previously in conjunction with Figure 1. 





resolver, or an optical incremental encoderj^ In 
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Although certain apparatuses constructed in accordance with the teachings of 
the presently disclosed system have been described herein, the scope of coverage of this 
patent is not limited thereto. On the contrary, this patent covers all embodiments of 
the teachings of the presently disclosed method and apparatus fairly falling within the 
scope of the appended claims either literally or under the doctrine of equivalents. 



